Introduction
Asbestos continues to represent a major public health concern despite the progressive introduction of restrictive laws concerning its extraction, import/export, and use by most industrialised countries [1] [2] [3] . Inhalation of asbestos fibres may cause asbestosis (interstitial lung fibrosis), benign pleural abnormalities (diffuse thickening, plaques, calcification, pleural effusion, chronic pleural pain, rounded atelectasis), and neoplastic diseases (lung cancer and malignant mesotheliomas), with the risk proportional to the duration and intensity of exposure [1] [2] [3] [4] [5] . The highest exposure levels are usually reached in an occupational setting. Additionally, the general population may be exposed to asbestos (from natural or man-made sources) by living in contaminated geographical areas or buildings [2, 5] .
Since the asbestos concentrations encountered at home or in the general environment are usually low, non-occupational exposure has been mainly associated with elevated mesothelioma risk, for which a safety threshold is apparently lacking [1, 2, 4] , and pleural plaques and/or thickenings, for which the relationship between dose and response is weaker than for parenchymal asbestosis [6] [7] [8] . Here we report two unusual cases of asbestosis and one exceptional case of Blesovsky's syndrome (rounded atelectasis), due to asbestos inhalation in the living environment.
Case reports
The first patient is a 68-year-old man (former smoker), who was hospitalised for rehabilitation after surgery (triple aortocoronary by-pass for ischemic cardiopathy), presenting exertional dyspnea. No thoracic pain or electrocardiographic signs of ischemia were present. Chest examination revealed inexpansibility of the left pulmonary base, and bilateral diffuse crackles. Chest radiography (figure 1), radioscopy and high resolution computed tomography (HRCT) demonstrated post-operative paralysis of the left emidiaphragm, millimetric irregular opacities to both lungs, diffuse interstitial fibrosis, calcified plaques on the diaphragmatic pleura, and pleural thickenings. Spirometry showed a restrictive pattern with a 25% decrease in the forced vital capacity (FVC). Bronchoscopy with bronchial brushing and bronchoalveolar lavage (BAL) gave normal findings.
Born in Sicily, the subject had been living since the age of 15 in the town of Casale Monferrato (North West Italy), 6 km from the largest asbestos-cement Italian factory. This plant operated from 1907 to 1986, producing high pressure pipes and several other asbestos-containing articles, using both crocidolite and chrysotile, and employing up to 1,500 workers [9] . In 1981, the company reported the utilisation of 15,000 metric tonnes of asbestos, 10% of which was crocidolite. The factory was about 1,300 m from the town centre, and 250 m from the closest residential areas. The inhabited area was downwind from the industry in respect to dominant winds. Additional asbestos pollution derived from the large local use of asbestos products; in 1990, for example, asbestos-cement roofs amounted to 500,000 m 2 in a town of about 40,000 inhabitants [10] . The patient himself lived in an asbestos-covered house. Careful occupational anamnesis was negative for asbestos exposure.
Final diagnosis was asbestosis with benign pleural disease due to neighbourhood asbestos exposure. ILO radiologic classification [11] was: s (thin irregular opacities), 2/2 (moderate profusion), pl (pleural thickening), plc (pleural calcifications), co (abnormal cardiac shape).
The second patient is a 72-year-old woman (obese and heavy smoker) with chronic obstructive pulmonary disease (COPD), who came under observation for worsening of the respiratory symptomatology (productive cough, exertional dyspnea, signs of bronchial obstruction at chest examination). Chest x-ray (figure 2) and HRCT revealed thin irregular opacities to the bases of both lungs, and diaphragmatic pleural plaques with microcalcifications. Spirometry showed a mixed, obstructive/restrictive pattern. Arterial blood gas analysis evidenced marked hypoxemia (pO 2 : 50 mmHg) and mild hypercapnia (pCO 2 : 47 mmHg). An asbestos fibre was retrieved by BAL ( figure 3) .
Since the age of 25, the patient had been living in Broni (a small town near Pavia, North Italy), where a large industry produced asbestos-cement from 1932 to 1993. The plant was at about 600 m from the town centre [12] . She was not exposed to asbestos occupationally, but lived with her brother, who was employed in the local asbestos factory for 20 years: the patient used to brush and wash his work clothes.
The following diagnosis was formulated: asbestosis and pleural plaques due to neighbourhood and domestic exposure; ILO classification: s 2/2 plc co cp (chronic pneumopathy).
The third patient is a 78-year-old man (former smoker), who was admitted to hospital for exertional dyspnea. Examination revealed dullness and decreased breath sound over the left pulmonary base. Chest imaging (figure 4) showed left pleural effusion with peripheral round atelectasis, and bilateral pleural plaques. Evacuative thoracentesis was performed: the fluid was clear, and cytology did not detect abnormal cells; microbiological analysis was negative. The pleural effusion did not reform. Occupational history was negative for asbestos inhalation. Since the patient had always lived in Casale Monferrato, and in the absence of other possible causes, the pleuropathy were attributed to neighbourhood asbestos exposure.
Discussion
Non-occupational asbestosis in association with benign pleural lesions was diagnosed in two patients. The first came from Casale Monferrato, where the largest Italian asbestos-cement industry was active until 1986, causing a substantial increase in the incidence of pleural mesothelioma among the workers employed in the factory [9] , their wives [13] [14] [15] , and in the general population without occupational or domestic exposure [16] . In the same area, asbestosis was diagnosed by histological examination of autoptic lung samples from two women with neighbourhood exposure. Both had lived in Casale Monferrato for over 50 years; one was a teacher who had been employed for 12 years in a school close (250 m) to the factory [16] .
The second case was from Broni, another Italian town that hosted a large asbestos-cement factory (until 1993), where an increased mesothelioma incidence among the general population has been reported [12] . Besides living in Broni, the woman used to clean her brother's work clothes, a duty that releases considerable amounts of asbestos fibres [6, 17] . In this patient, one element that helped us formulate the diagnosis was the retrieval of an asbestos fibre by BAL (figure 3), a rare finding in people not occupationally exposed. Asbestosis among household members of asbestos factory workers was first described in the 1970s [18] . More recently, Kilburn et al. [17, 19] found a high prevalence of asbestosis and other asbestos-related diseases in the families of shipyard workers.
The third patient described here was also from Casale Monferrato. He presented bilateral pleural plaques, and monolateral pleural effusion with peripheral round atelectasis. In exposed subjects, benign pleural effusion may occur early (within 10 years, unlike other asbestos-related diseases) or (as in the case presented) later in life, in association with long-standing pleural plaques [20, 21] . Rounded atelectasis (also known as folded lung, pleuroma or Blesovsky's syndrome) is the entrapment of a peripheral part of the lung by infolding of the adjacent thickened pleura [4, 22] . On computed tomography scans (figure 4), the characteristic image is a peripherally sited mass, pleural thickening, and the curved swirl of the vessels and bronchi converging on the pulmonary hilum (the "comet tail" sign) [23] . This sign allows a differentiation between rounded atelectasis and a neoplasm, making further invasive diagnostic procedures unnecessary in most cases. Apparently, rounded atelectasis deriving from residential asbestos exposure has not been reported before.
The diagnosis of respiratory disease due to non-occupational asbestos exposure imposes a duty to inform the patient of the environmental origin of his/her illness (and therefore of the possibility of obtaining legal compensation), as well as of the risk of progression of disease, the risk of malignancy, and especially the interaction between smoking and asbestos exposure in enhancing the risk of lung cancer. Further exposure to asbestos or other environmental/occupational carcinogens should be avoided where possible. Immunsation against pneumococcal pneumonia and influenza is advised [1, 5] .
In conclusion, the cases reported here indicate that non-neoplastic asbestos-related diseases such as asbestosis, rounded atelectasis and benign pleural effusion, which are usually observed as a consequence of occupational exposures, may also be encountered, albeit rarely, in subjects living in contaminated geographical areas and houses. In such cases, careful environmental anamnesis, radiology (conventional chest radiography with ILO classification and computed tomography), and the search for asbestos fibres by BAL, are helpful in differentiating diagnosis from other malignant and nonmalignant respiratory diseases. The correct diagnosis, in turn, is important for adequate patient management in the light of the risks of progression of the disease and malignancy, and in relation to medico-legal issues.
